A method to evaluate fluctuation characteristics of daily solar irradiance was introduced based on theoretical solar irradiance. Process feature of daily solar irradiance were analyzed. Observed daily solar irradiance of 10 days in Beijing was tested to demonstrate the effectiveness of this method. Result shows that method proposed in this paper can reflect fluctuation characteristics of daily solar irradiance well and will be helpful for solar power application.
Introduction
In the long run, solar power generation owns resource, technological and environmental advantages in becoming strategic energy resource in around 2030. According to statistical data of National Energy Administration in China, 10.6GW PV was installed in 2014, and accumulated installed capacity by 2014 was 28.05GW [1] . Meanwhile, National Energy Administration proposed that construction scale of domestic newly installed PV capacity would reach 17.8GW in 2015 [2] . Solar resource assessment is the foundation of scientific planning and designing of PV power station and has important significance for improving the exploitation and utilization of PV power station.
Fluctuation of daily solar irradiation is jointly influenced by astronomical motions, meteorological conditions and atmospheric environment quality. Random fluctuations of daily solar irradiance have already been the object of several studies published in the literatures [3] [4] [5] . Harrouni and Guessoum [3] introduced the estimated fractal dimension ( D ) and the clearness index ( KT ) as classification criteria of daily solar irradiance. Perpiñán and Lorenzo [4] analyzed the irradiance fluctuations with some mathematical tools based on the wavelet transform. What's more, some paper describes a definition of the irradiance fluctuation degree by using original parameter, moving average and standard deviation of irradiance data [5] . In this paper, theoretical solar irradiance was introduced as analysis foundation and a method to analyze and evaluate fluctuation characteristics of daily solar irradiance was proposed with correlation coefficient ( r ). This paper is organized as follows: the second section described the overall solar resource in Beijing. In the third section, assessment method of fluctuation of daily solar irradiance was introduced. Finally, analysis results of variability in daily solar irradiance for multiple days are provided in the fourth section. Solar resource in Beijing (40.089°N, 116.306°E) is treated as the analysis object in this section. 2 ), and minimum monthly average value appears in December (76.57 kWh/m 2 ). The above analysis results indicate that solar resource assessment based on the standard [6] can provide an overview of solar resource for the area where PV power station plans to be built. Fig.2 , where the solid line represents observed solar irradiance; imaginary line represents the theoretical solar irradiance on that day; four colors correspond to four seasons. It is known from Fig.2 that, due to the effect of astronomical motions, daily global horizontal solar irradiance has significant differences in different seasons. Generally, it is rich in summer, followed by spring and fall, and poor in winter. Theoretical Solar Irradiance is the global irradiance reaching the horizontal plane on the earth surface without considering the effects of cloud layer and meteorological factor, only based on the relative movement between the earth and the sun. It is the sum of beam horizontal irradiance and diffuse horizontal irradiance, with the former one occupies the most part of it in clear day, the calculation formula [7] is shown in equation (1):
Fluctuation of Daily Solar Irradiation
Where, i is time or sampling point; cb G is beam horizontal irradiance ; cd G is diffuse horizontal irradiance; 0 G is extraterrestrial solar irradiance; 0 a , 1 a , k is empirical parameters, which are given by Duffie and Beckman [8] and related to the local climate and altitude.
In this paper, fluctuation features of observed daily solar irradiance were analyzed by referring to theoretical solar irradiance, which can eliminate the periodicity and non-stability feature of solar irradiance due to the effects of season and geography.
Analysis of Fluctuation Process of Daily Solar Irradiance.
In this section, correlation coefficient is selected to describe the process characteristic of deviation value between observed solar irradiance curve and theoretical curve over time, assumed as r . Correlation coefficient is a quantity to study linear dependence among variables. Before calculating correlation coefficient, it is necessary to firstly carry out differential treatment of both observed and theoretical solar irradiance curve, as shown in equation (2):
The computational formula of correlation coefficient between difference sequence of observed irradiance
and difference sequence of theoretical irradiance
is shown in equation (3):
Where,
is daily average value of difference sequence of observed irradiance; i is serial number of sampling points,
; N is the number of sampling points. According to the nature of correlation coefficient, calculation results of correlation coefficient can be divided into three grades: | r |<0.4 means two variables are of low linear correlation; 0.4≤| r |<0.7 means two variables are of significant correlation; 0.7≤| r |<1 two variables are of high linear correlation. The coincidence degree of observed irradiance curve and theoretical irradiance curve expressed with correlation coefficient can reflect fluctuation process feature of observed irradiance curve. The smaller correlation coefficient is, the more server fluctuation is.
Experimental Section
Observed data of 10 days at random from January to June in 2015 are chosen for analysis. Table 1 illustrates fluctuations of daily solar irradiance for multiple days under different weather conditions. These 10 days serve as the representative of solar irradiance in Beijing in the first half year. The maximum value of daily global horizontal irradiation is 7.713 kWh/m 2 , and the minimum value is 1.348 kWh/m 2 , with the average value of 5.044 kWh/m 2 which is higher than annual average level (according to meteorological database of NASA, daily average global horizontal irradiation is 4.32 kWh/m 2 in Beijing). The maximum value of correlation coefficient r is 0.980, and the minimum value is 0.145. Four typical weather conditions (clear, cloudy, overcast, rainy) are chosen from the sample database for further analysis. Fig.3 shows process feature of daily solar irradiance fluctuation under four typical weather conditions. The curve is the result of observed irradiance curve and theoretical irradiance curve after differential treatment. 
